In this paper the plastic deformation of alpha titanium is investigated at temperatures between 300 and 900K. Samples were deformed in tension at constant initial strain rates. The flow stress depends on the test temperature and strain rate. The experimental results indicate that deformation is controlled not only by the dislocation glide but also by a recovery process. An analysis has shown that cross slip of dislocations is probably the major controlling process of dynamic softening. A non-monotonous temperature dependence of the stress sensitivity is observed. The maximum values of the stress sensitivity parameter appear in the temperature region where a plateau in the temperature dependence of the flow stress is observed. The appearance of serrations, a plateau in the temperature dependence of the flow stress and a non-monotonous temperature dependence of the stress sensitivity may be explained by pinning of moving dislocations by moving solute atoms (most probably interstitial oxygen).
INTRODUCTION
It was established that the mechanical behaviour of titanium and its alloys is sensitively dependent on the content of interstitial solutes as oxygen, nitrogen and hydrogen. Two aspects appear as a result of many investigations (for a review see Conrad [1] ):
(i) The interstitial solutes play a crucial role as obstacles for dislocation motion on the first-order prismatic planes and are responsible for the temperature and strain rate dependence of the flow stress. (ii) In alpha Ti polycrystals the glide kinetics is associated with 1/3<1120> and 1/3<1123> dislocations operating on prismatic and first-order pyramidal planes [2, 3, 4, 5] , The aim of this work is to provide more detail analysis of processes, which occur at a wide temperature interval during plastic deformation and to judge a role of interstitial atoms in their course.
The increase of the flow stress in the course of the strain process is characterized by work hardening coefficient θ = (d<r/dc) . ,
T,e which is dependent on the stress. In polycrystalline metals θ decreases with increasing stress. This decrease is a consequence operating of softening process(-es). When θ=0 a balance between hardening and softening processes occurs and the applied stress asymptotically reaches its saturated value σ . Kocks [6] has found for the stress dependence of s the work hardening coefficient relation
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The effect of temperature on the flow stress indicates the occurrence of thermally activated processes. In order to identify the thermally activated process activation volume V and activation enthalpy ΔΗ should be estimated. The activation volume
where b is the Burgers vector, d is the width of the local obstacle and I is the distance between the obstacles. Activation enthalpy ΔΗ is given as
ο where τ=σ/Μ, with τ being shear stress, σ the applied stress, the activation energy for zero stress and Μ Taylor factor. For the examination of thermally activated parameters (V and ΔΗ) one can used stress relaxation (SR) tests. For the stress relaxation rate &=dcr/dt it is possible to write
where C is a constant and η is the stress sensitivity parameter. From the ίη(-σ) vs Ιηίσ/σ ) plot (σ is the starting stress of SR) η is o o obtained as a slope of this dependence. The activation volume V is connected with η by simple relation nkT = (1/Μ).νσ ,
where kT has its usual meaning. The activation enthalpy ΔΗ can be obtained from the temperature dependence of the flow stress using 
MATERIALS AND METHODS
Polycrystalline alpha Ti samples were prepared in cylindrical form with diameter of 6mm. Samples of two interstitial contents were used for deformation tests (Table 1. ). The oxygen equivalent concentration 0 was adopted here after [1] to describe the global impurity eq concentration. Specimens were tested in tension in an Instron machine operating at a constant crosshead speed. Deformation tests were carried out at initial strain rates 1.5x10 s (Ti-0.15 0) and 0.9x10 s (Ti-0.05 0) in the temperature range of 300 -900K in dynamic argon atmosphere. The work hardening coefficient Q=de/dc was obtained by numerical derivation of true stress -true strain curves. During the deformation the stress relaxation (SR) for about 300 seconds were carried out. The stress relaxation rate &=d<r/dt was obtained by numerical derivation of SR curve [7] . According to Kocks [6] the strain rate dependence of the saturated stress σ is given by (8) is determined by stacking fault energy γ:
where G is the shear modulus. local modification of the dislocation core structure due to interstitial atoms.The cross slip may contribute to jog formation. If jogs are fixed by clusters of oxygen atoms then dislocation dipoles can arise, which are the typical feature of dislocation structure in Ti deformed at temperatures between 300 and 500K. 
2. Thermally activated process
The temperature dependence of the yield stress σοο (defined as the first deviation from the Hooke's line) and the maximum stress σ are shown max for Ti-0.15 Ο in Fig 3. The temperature dependence of the stress sensitivity parameter η is introduced in Fig. 4 by us. Hong [10] has explained this maximum by dynamic strain ageing. The maximum in the temperature dependence of the activation volume has been also found for alpha Zr polycrystals- [11, 12] , The temperature dependence of the product nkT (Fig. 6 ) has an analogous form as the temperature dependence of η and V. Similar course of the temperature dependence of η and rikT was found also for alpha Zr [12] . Product nkT named by Kocks [13] as a "activation work" is a . They believe that the main thermally activated process is an overcoming of oxygen atoms which can form some clusters. Sastry.and Vasu [15] judge that the main thermally activated process in Ti is an overcoming of the Peierls barrier. They have determined Peierls stress to be of 330 MPa. Naka and cowerkers [16] have estimated the value of Peierls stress to be of 100 MPa for Ti of the highest purity and 300-350 MPa for Ti of curent purity. Naka and Lasalmonie [3] believe in Ti is a complicated structure of screw dislocation core. Authors of works [15] [16] [17] suggest that the core structure of a screw dislocation of a=l/3[1210] type is exetnded simultaneously into prismatic and first order pyramidal planes. Besides this sessile cofiguration there is a glissile configuration which consists from two partial dislocations associated by a stacking fault in prismatic plane or in first-order pyramidal plane. Prismatic slip requires that the spread screw dislocation undergoes repeated sessile glissile transitions. The dislocation motion at non zero temperatures may be associated with thermal activation which is realized by double kinks nucleation. This kink nucleation requires the recombination of dislocation core on some critical length I . The presence of solute atoms can influence this c process because they change condition for recombination and/or defense to spreading of double kinks along the dislocation line. In the situation where the nucleation of kink pairs predominates, the Arrhenius law for the dislocation velocity has the form [18] ν = ν (c/2).bL/I ).exp(-AG/kT) ,
where AG is Gibbs free enthalpy, k the Boltzmann constant, L the average length of mobile dislocation segments between two pinning points and c /2 is the height of the kink pairs. It is possible to obtain i from Overcoming of Peierls stress is a process which can be consider at temperatures lower than 550K. At higher temperatures 600-800K the temperature plateau in the temperature dependence of the flow stress exists. At temperatures higher than 800K the flow stress again decreases with increasing temperature, which is an evidence on a new thermally activated process.
The typical feature of the dislocation structure in Ti is a high density of dislocation dipoles [20] . These dislocation dipoles may arise from sessile jogs on dislocation lines. The edge jogs on dislocations are able to move at elevated temperatures (T>T ), if they produce (or m absorb) point defects. Concentration of jogs on dislocation line, which were formed thermally is done by [21] c = (l/b).exp(-U/kT) ,
where U^ is the activation energy for the creation of the jog U «=(l/10)Gb 3 . In case of Ti eq. (11) gives at 800K value for ^ 5 -1 0^=1.2x10 m . The distance of these thermal jogs is ^=8.2x10 m=2800b.
From activation volume for Ti-0.05 0 we became I =60b and it is clear J that the jogs on dislocation line must be formed still by the other way. It is possible to assume:
(i) double cross slip of some dislocation segments; (ii) intersection of dislocations laying in subgrain boundaries and/or forest dislocations, (iii) activation of mobile dislocations in pyramidal slip systems and intersection with those in prismatic slip systems. The presence of interstitial solutes can influence these processes.
Dynamic strain ageing
In the stress relaxation experiments at intermediate temperatures, the flow stress after reloading is higher than the stress at the beginning of SR σ i. e. the material harden on ageing. In the preset
This stress experiments the measure that has been used is Δσ=σι~σο increment depends on strain, temperature and -J^L oxygen content and we will present the results obtained for Ti-0.05 Ο obtained at various temperatures. Using the data in Fig. 7 the temperature dependence of Δσ has been constructed and it is shown in Fig. 8 . This phenomenon we can call a post-relaxation effect. It is seen that the post-relaxation effect has its maximum at about 500K. From the experimental results mentioned above one can conclude that dynamic strain ageing should be considered. The following features may be taken into account as an evidence of dynamic strain ageing:
(1) a plateau in the temperature dependence of the yield stress (Fig. 3) ; a hump in the maximum stress versus temperature curve (Fig.  (3) serrations in the stress strain curves; (4) a non monotonous temperature dependence of the activation volume and the stress sensitivity parameter (Figs. 5 and 6); (5) a stress increase after SR in the intermediate temperature region (Figs. 7 and 8) . 
3);
In order to explain the temperature dependence of the activation volume in Ti-50A obtained by Yin et al. [3, 22] , Hong [10] has assumed that the flow stress in the sum of the stress due to dynamic strain ageing σ^ and the stress of the basic rate controlling mechanism, σ . According to d Hong [10] σ depends on temperature as σ = σ .exp[-(T-T )/B] a aO 1 (12) where σ , Τ and Β are constants. The apparent activation volume aO 1 (measured in experiment) can be obtained from the following equation
d a Using eq. (13) we become (13) 1+KV (14) c « 0.1 where Κ=(1/1ίΤ)(θσ /dine), V is the activation volume without dynamic strain ageing. Since Κ depends on temperature eq. (13) indicates that the strain rate sensitivity parameter and hence the activation volume can change with temperature in dynamic strain ageing region. The maximum value of V is observed in the temperature region where K<0. Hong [10] has not presented the origin of the stress component σ . 
where η is the number of solute atoms in unit volume, D is the ο diffusion coefficient for the impurities and A i is a constant (depending on the interaction between a solute atom and the dislocation).
We can assume that during SR at intermediate temperatures solute atoms diffuse to dislocations. Dislocations are pinned by these solute atoms. Therefore an increase in the stress is needed to move dislocations after reloading, i. e. the flow stress at the start of deformation after SR is higher. It is reasonably to assume that Δσ is proportional to the number of solute atoms on the dislocation line. Then Δσ may be written as Δσ = A (Dt/kT) 273 (16)
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where Ais a constant. Since D is increasing with temperature Δσ could go through a maximum with increasing temperature, which is observed. Vacancies generated during deformation can enhance diffusion which should be taken into account. On the other hand Dlouhy, Lukäc and Trojanova [24] have shown that changes in the internal stress and the density of moving dislocations with the time of SR can cause the stress increment after reloading. The stress increment is a complex function of the SR time [24] , It is reasonable to assume that solute atoms diffusing to dislocations can influence both the density of moving dislocations and the internal stress. In any cases it seems likely that the dynamic strain ageing phenomena in Ti are associated with moving oxygen atoms.
